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Pathelogical anstomy of experimental leukemia .

oontrected through introduction of bensole ex- 2

tracts from organs of patients who died of
lsukenia

N. P. Khokhleva, Mescow

From the Pathelogeanatomical Laboratory/Pref N A Krsevsky/
Osntral Grder of Lenin, Institute of Nematology and Blood
Transfusion/Birector, Mewber, correspondent ef AN Prof A
A Baglasarev/of the Ministry of Nealth, USSR

hthmdthpnuntm,ntookuthuuof-tuy-
ing the pathelegical amatemy of experimsntal leukemia contracted
through the intreduction into animals of bensol extracts from vari-
ous ergans of patients who died of leukemia, to ascertain its morpho-
logical eriteria, and also to investigate the dynamics of initial

Rxperimental leukemia whieh we studied was obtained from the
pathephysielogieal lsberatery by M O Rausehenbach. In his studyt
uuttcthumuthmm.o‘yotuuivmhw, the
results of examining the periphersl blood, and a characteriszation
of the breed eof experimental animal which we studied is also given.

muummuumto-nmuowngummm-
duction of bensel extracts from the ergans of patients: (1) chbronie
myelesis (2) ehrouie lymphadenesis (3) scute leukemia (d) myelomper
(5) caneer of the stomesh. In the sixth greup were put mioce into
vhen was hmnmtmcmcthu&ymmm
died of street injuries. nohatmmnmmtrolmo.

nmmmnmmmmmemuum
first twe er three months of the experiment. We noticed in them
;mtnﬂ.msutnum, Mlotbloo‘nuoh,-
fecal hyperplasia ef the eells of the reticuloendotelial system, at
times amileidesis of spleen and liver. Phe changes enumersted are
ocounoeted with temiec effects of densel eittrsct.

In the first grewp were mice into whem was introduced beasel /f
mmmmnrmptmmmummu-

sis. mnm.w,mumm-umcm.r
m&mdmom,mthtmrcmm-nwd
wm.mwtuuw«ﬂnhmn

( hi_,thm.hctlom'm&.w“i
i umtmcltmuum'm;
ia samp isows of the Journal. _ ‘
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Mouse Ro. l: Benzol extract from the lLiver of a patient who
died of chronic myelosis wes introduced. Killed four months and 10
days after the beginning of the experiment. The blood composition
without changes.

In autopsy it wes ascertained that inner organs were not en-
larged but have a normal appearance. In the region of the loins in
the place where the extract was introduced, there was a tumorous
swelling the size of a pigeon's ear, which in croas-section was grey
with large nidi of nearosis.

Microscopic examination. Liver. Around the central veins and
nidi in the lumena of the capillaries there are affluxes of large
round and oval cells vith weakiy basofile protoplasm and a strong
light kernel (nucleus ?) (cells of the type of myelitis); in some
of the cells the kernel has the form of a ring (myelocytes). There
can be noticed nidi of destruction of liver cells.

8pleen. Strong follicles, in the pulp hyperplasis and focal
myelosis. Eridothelium of sinuses swollen. A small aumber of mega-

cariocytes. -

hatic know under the armpit. Diffdse hyperpiasis with full
obliteration of the pattern. Under the capsule, foci from the large
myeloid cell described above, A small focai accumulation of the
same cells around the blood vessels in lungs and kidneys.

Mexrrov of the hip. Polymorphous.state. Many lymphoid elements
in the midst of which are found groups of myeloblasts, myelocytes
and undifferentiated cells of the type of hemocytoblasts.

Swelli In perts not subject to necrosis, composed of atyp-
ical long cells of irregular size with prolonged centers. Gigantic
cells are found. The centers are rich in chromatine, incorrect de-
formed form, many figures of difision. The cells described form
clusters woven together in various directions wlkich corresponds with
the picture of spindlecellular sarcoma. The presence of nidi of
myeloid metaplasis in the warrov and in the inner:. oogans testifies
to a developing leukemic process.

Mouse No. 2: Benzol extracts introduced from liver of patient
vho dled of chronic myelosis. Killed after four months and 23 days
after the beginning of the experiment.

Blood Analysis. Leukocytes 57,800, myeloblasts 2 per cent

Mieroscopi changes in the inner organs could not be no-
ticed. In the region of the loins & tumor the size of a pigeon's
ear.
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Microscopic examination. Liver. Lumina of the capiilaries wi-
dened, filled with myeloid elements (ill. .}, which in places forn
large groups witn an obliteration of the pettern of .iobu.ies. Kupfer
cells swollen. Here and there in the cepiilaries megacariocytes are
found. 8mell infiltrates from myeloid cells are also present aioi
the course of glisson capsule.

Spleen. Follicles well developed, in the center of cells of
pulp myeloid elements predominate.

Lymphatic Knot. Focal myelosis.

Marrow. Consists for the main part of cells with myeloid or-
der, starting with myeloblasts and ending with segmented leukocytes.
Myelocytes predominate. Great quantity of megacariocytes; many of
them have a picnotic center.

Tumor. Has the structure of spindle-cellular sarcoma.

Thus, Mouse No 2 developed leukemia, with a predominsnce of
myelocytes in the midst of myeloid elemeats.

Mouse No % Benzol extract from the liver of a patient who died
of chronic myelads was introduced. Killed after 10 months 18 days

after the beginning of the experiment.

In opening the abdominal cavity, a great quantity of blood
fluid wvas found.

Microscopic study. The liver enlarged. In the piace where the
extract was introduced, s tumorous swelling. In microscopic examina-
tion there was found in the liver a gharply defined leukemic infil-
tration, myelosis of the spleen and lymphatic knots, myeloid meta-
plasis of the marrow of the hip. The swelling had the structure of
a spindle-cellular sarcoma.

Analogous changes developed in Mouse No 2, into whom was intro-
duced bensol extract from the liver of a patient who died of choomic
myelosis. Killed after 10 months and 20 days after the beginning of
the experiments. In peripheral blood, no changes noticed.

In subsequent transfers both of emulsion of the swelling, as
well as the emulsion of inner organs and blood of leukemic animals,
in a number of cases there was the development of myelosis with pa-
thoanatomical changss analogous to the changes described above,

extract

With the introduetien of bensol/into mice from the organs of
petients vho died ef chronic myelosis, wve observed the development
of myelosis, with the predominance, amidst the bloodformative cells,

of wmyelocytes.
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In the second group belonged the mice into whom wasg introduced
benzol extract from organs of three patients who died of chronic
lymphadenosis.

e SOt AT 0 s

In & few of the 36 mice studied in the ¥roup, there were no-
ticed accumulations in the lumina of the capiliaries of the liver
of an increased number of cells of the lymphocyte type and moderate
hyperplasis of lymphatic tissue in the spleen and lymphatic xnots,
otherwise leukemic changes were absent. In a number of mice there
was noticed a development of tumor both in the rlace of introduction |
of the preparation and also at a distance from it. E

After futther transfers, the development of leukemie was no-
ticed. We shall give two protocols by way of example.

Mouse No 2. First Transfer. Killed after one month and 20
days after the introduction of the emulsion from the swelling (micro-
scopic swelling had the structure of polyworphous sarcoma).

;
1
;
'
'
5
.
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Blood Analysis. Leukocytes T7.000; mye.oblasts, 3 per cent;
myelocytes, 1l per cent.

During dissection of the back in the area o* introduction of
the emulsion a thickening the size of a pea was found. The spleen
ves & little enlarged,

Microscopic examination. Liver. Large nidi of neucrosis. In
the parts of the preserved tissue, the pattern of the lobules erased
@8 a result of the presence of large infiltrates from myelode cells
alongthe course of glisson capsule and their accumulation in the
lumina of the capillaries.

Spleen. Diffuse myelosis of pulp. Follicles preserved, shal-
lov (111.2).

Lywphatic Knots. Focal myelosis.

- Capillaries of inter-veolary partitions widened, filled
vith myeloid cells. 1In remaining inner organs, changes not present.

‘M8ITOV. A definite predominance of myeloid cells, on the back-
ich we find a small quantity of cells of red blood. It
is neeessary to note that in the midst of the myeloid cells in all
organs there predominate large and small myelocytes, together with
\n):ich there are many segmented and hypersegmented leukocytes (ill.
3 .

The thickening on the backbas the structure of spindle-cellular
sarcoma.
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Mouse Wo 5 killed after one month and two days atf'ter iuntroduc-
tion of emulsion.

Analysis of Blood. Leukocytes 45 thousand, myeloblasis 5 per cent,
myelocytes U per cent. Microscopically noticeable a small eniarge-
ment of the spleen. Tumor absent.

Microscopic examination., Found & pattern of myelosis ol the
liver, spleen, marrow and focal myelosis in the lymphatic giands.
At the same time, there was amiloidosis of inner organs.

Thus, with the introduction of benzol extiracts from the orgsns
of patients who died of chronic lymphadenosis, we noticed only the
developwent of tumors.

After subsequent transfers of emuisions of tumors, thereias no-
ticed in some of the mice the development of myelosis. Also,
as with mice of the first group, with these there predominated, amyeio-
cytal type of leukemia.

In the third group we put mice into whom was introduced benzol
extract from the organs of three patients who died of acute leukemia.
The greatest interest in this group is in the mice into whom was in-
troduced extract froam the brain. Among 32 mice studied, three devel-
oped leukemia, two of them in conjunction with tumors; déun oue was no-
ticed the simultaneous development of tumors in the piace ot the in-
troduction of the extract and at a distance, and in the second there
developed only the so-called distant tumor.

We notice that in all three cases in the midst of blood-creating
cells there predominated the most unripe elements of myeloid kind--
hemocytojlasts and myeloblasts.

Mouse No 5. Killed after five months after the beginning of
the experiment.

Blood Count. Leukocytes 44 thousand; hemocytoblasts, O per
cent; myeloblasts 6 per cent.

Mieroscopically, on the back there was noticed a tumorous svelil-
ing. In the area of the left kidney there is s swelling the size of

a bean, partially groving through the tissue of the kidney. 1In
cross-section the swelling is white and dry.

The spleen, the liver and the right kidney enlarged.

Mieroscopic examination. Liver. The pattern fully erased. On
the background of largs areas of amyloid there are spread groups of
liver eells. Capillaries widened, filled vith large, oval cells vwith
large nuclei of the type of hemocytoblasts. In some places thess
cells make up large sceumilations. Together vith them in smaller
quantity are found wmyelodlas s.
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Spleen. Folliicles preserved, shaliow. In th. pulp a lagye
quantily ot the same cells.

Right kidney. In the crust substance, vetwee:n the canals, to-
cal accumulations of the same undiffere:.tiated cei.s of thne type of
hemocytoblasts.

Tumor in the region of the left kiduey Las the structure of
spindie-cellular sarcoma, contains extensive nidi of necrosis.

Tumor on the back. The structure impossibie to define as the
tissue is fully necroticized.

Marrow of the hip consists of the above-described cellghf hemo-
cytoblast type.

In transfer, also, the hemocytoblast-like type of leukeumia was
obtained.

Thus, when benzol extracts from the organs of patients who died
of acute leukemia are introduced, both in the originel group and in
the transfers, developments of hemocytoblsasts are noticed.

In the fourth group were the mice into whom was introduced
benzol extract from tane liver and marrow of a patient who died of
myelosis.

One of the 1y mice examired (Mouse No 7), killed after eight
months 23 days aft er the introduction of the extract, microscopic-
ally there was found a pattern of myelosis with & predominance of
myelocytes with acute myloidosis of the organs. In the thyroid
gland there was hyperplasis of iymphoid tissue. In peribpheral blood
the quantity of leukocytes was increased to 24 thousand. Myelocytes
L per ceant. 1In Mouse No 1 killed after five months after the begin-
ning of the experiment, in the abdominal cavity there were many knots
of tumors, composed of cells of myelomnic type. The same cells com-
posed the tissue or the marrow. Thus in this mouse changes of the
type of diffuse myelosis took place. From Mousa No 7, through trans-
fer, myelosis was obtained.

In the fifth group were animals into vhom was introduced extract
from the liver of two patients who died of cancer,

In two of the 18 mice studied microscopically, there was found
myelosis with a predominance of myeloblasts, with enlargement of
leukocytes in peripheral blood (to 46,200) and the appearance of im-
mature (unripe) cells of myeloid kind (16-22 per cent).
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In microscopic examination of mice into whow venzol extract was
introduced from livers of persons who died of street injuries, in
some we found amiloidosis and focal necrosis, connected with toxic
effects of the extracts. Leukemia did not develop. Thus, of 162
mice aged over six months, which lived not less than L-L45 months af-
ter the introduction of benzol extracts from organs of .atients who
died of leukemia, eight (4.9 per cent) developed leukemia.

Besides the original mice, we studied 250 mice into wvhom was
transferred both emulsion of swelling and emulsion of inner organs
and transfusion of blood of leukemic animals. Among the cases there
wes noticed the development of leukemia of the myelose type and hemo-
cytosis with pathologounatomical changes analogous to those descrived
above. Leukemia reached the greatest intensity in three or lour
transfers in which myeloid metaplasis developed in a greater uumber
of animals (approx. 8C per cent) than in the origina. group, and
noticeably more quickly. If in the original mice the development of
leukemis was observed four months or more after the beginaing of the
experiment, with the transfers this delay decreased to 20-30 and in
single cases even to 15 days.

This, in the development of leukemis in mice there was observed
diffuse myeloid hyperplasis of merrow, myelosis of the spieen aund
lymphatic glands, infiltration of myeloid elements of the liver tis-
sue.

Comparing the changes which take place in experimental leukemia
achieved through the method of introducing known synthetic cancero-
genous materials (Yudins, Engelbret-Holm) with the chenges developed
through the introduction of benzol extracts from orgars of patients
vho died of leukemia, it is possible to state that in their morphoi-
ogy they are identical. Leukemia started in mice through the intro-
duction of benzol extracts from the organs of patients who died of
leukemia has & series of pathologoenatomical characteristics to which
we have partly already referred during the description of leuxemia
provoked by 9:10 dimetil-1:10 benzatratsen (Nemenovs and Kiokhlovs).

Thus, together with diffuse hyperplasis and myelosis of marrov,
there is noticed an infection of the greatest part of the liver. 1In
the latter, the growth of leukemic cells proceeds mwainly in the
glisson capsule and to a lesser degree along the course of the capil-
laries.

In the lymphatic knots, notwithstanding the intensity of the
leukemic process, myelosis usually has a focal character with a pre-
servation of the structure of the lymphoid tissue. In the spleen on
the bottom of the diffuse myelosis we can also distinguish the dimin-
ighment of the follicles of the normal structure.
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It also seems to be a charscteristic of experimenial leukemis
that in the marrow as weli as in the inner organs, there always are
present together with unripe myeloid celle, in larger or smaller
quantity, ripe elements--segmented leukocytes. And Tinmiiy in a
significant number of mice, leukemic chanuges in organs were 10t ex-
pressed microscopically.

The sowetimes notimmble significant enlargement of the liver
and spleen is dependsnt, as was shown by the gystological examina-
tion mainly on amiloidosis. In some of these mice leukemia was ab-
sent altogether. According to the preponderance of these or otner
cells in the marrow and in the internal organs, it was possible to
separate the hemocytoblasts, myeloblast, or myelocytal type of leu-
kemia, and the last wes met the most frequently. i

Leukemic changes in the organs usually matched the leukemic pic-
ture of blood and only in single cases was there an aleukemic varia-
tion.

Regardless of the fact thatbenzol extracts were introduced f{rom
organs of patients who died from various forms of leukemia-~chronic
myelosis, lymphadenosis, acute leukemia and also myelosis--the mice
developed myeloid leukemia. It should be noted that in one case,
vhen extract from organs of a patient who died of myelosis was in-
troduced, there was observed in the mouse changes of the type of dif-
fuse myelosis.

In our investigation we did not see any difference between the
changes developed through the effects of extracts from different or-
gans. The highest percentage of infection with leukemia (5.3 per
cent) with intensive extramedullar blood-formation end positive re-
sults in transfers was obtained through the introduction of benzol
extract from the liver and spleen of patients who died of chronic
myelosis. After introduction of extracts from organs of patients
who died of chronic lymphadenosis, in the original mice there vas
observed the appearsnce of tumors only, and myelosis developed only
in the subsequent transfers.

It 1s interesting to remark that after the introduction of ex-
tracts from organs of patients who died of acute leukemia, in the
midst of blood-foraing cells both in the original mice and in the
transfer, there alwvays predominated most unripe elewents--myelo-
blasts and hemocytoblasts.

In soms of the mice, leukenis accompanied the development of
tumors which arose usually in the place of introduction of the pre-
paration, but sometimes at a distance from it. In the original mice,
the tumor had the appearance of spindf d’trconn, vhich in the subse-

uent transfers assumed the struct of p-cellular sarcoma
111. &). In a small nusber of mice there appe §03called 41
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PheSEEOGUw 2 e dividing wall, sarcoms o1 g Tt = A CGOME ey
hen rud edenoma of the lang, coming from th. U neng, wall,

3ozetimes there was a hyperplasis or lywpnoid vissue in the re-
wainder of the thyroid gland, but without 8Yymplogs of a aaii nact
growth.  In single cases the tissue of the tayroid y.and aisc wWB.3
Bubject to myeloid metaplasis. In some mice in the r+8Ce 0of jutro-
duction of the preparation there deve joped sarcoms withnout <he 8y -
toms of leukemia.

The changes which developed after the introduction of benzo.
extracts can be divided into three main gToups. Characterisgtic o¢
the first group is the presence of leukemia, T the second group,
leukemia s&ccompanied the appearsice of swelling, usual.y in the
place of introducing the extract and sometimes at g distasice from
it. In the thirgq group belonyg the cages vhich were observed the
most frequently, in which there was a deve iopment of a tumor, but
leukemia was absgent. In a part of the mice studied, there were no

changes.

In the analysis or our materiai, it was important to mmx work
out clear morpholoyical criteria Tor the diagnostic of true experi-
mental leukemia in order to distinguish it from so-called leukimoid
ractions., Inu the latter there are observed chan.es chiefly in the
peripheral blood (leukocytes, the 8ppearance of young forms), at a
time when in the internal organg there is a reaction only on the
part of the reticulo-endoteiia] system in the form of a swelling of
reticular cells, and in the mArrow some hyperplasis or the blood-
forming tissue, on the whole without the predominance of cells of
white blood; broperly leukemie cChanges are absent,

Diagnosis of true experimental leukemia ve made only in thoge
Cases vhere there wag a diffuse infection of organs of the blood-
creating system with a growth of myeloid tissue and leukemic infij-
tration in the inner hecro-creating organs. Together with the
changes described, thesd Usually was observed 8130 a leukemic pattern
of blood.

True experimental leukemia in mice Scems to be a fatal diseage,
at the time when leukemoid changes originating in peripheral blood
are returned.

Beside morphological proof for the confirmation of true experi-
mental leukemia, as g known, positive results of transfers are nec-
eéssary. But ouly through pathologonnntonical elemmination ig it pos-
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R IO S D2 LAGUBLL NEOpPLEE, Wil e T
Loooconnecition 07 Loe progesases.

The obtalning of experimental leukemis thr:: Lo o troducs
a1 exuracts not only from organs of patients who .. od 50 chronic teu-

cegmia, but also from organs of patients who died o acute leukemia,
indicstes the common nature of these diseasses. '(he possibiliity of
inducing experimental leukemla both through the :id 01 ca.icerogenous
motexrial, 48 well as through the method cf introducing ceazol ex-
tracts from organs of patients who dled or leuxemina, a.iows us to
consider it a distinctive tumorous process.

Conclusions

1. Through the introduction of benzol extracts from organsg of
patients who died of leukemia, into mice, 4.y per cent of cases
there results the growth of myeloid tissue in the organs ot the
blood-forming system and outside of it; that is, there were observed
pathologoanatomical changes characteristic of leukemia, In the ma-
Jority of experiments these changes were accompanied by a firm leu-
kemic picture of the blood and gave positive results in trausfers,
vhich seems to be a confirmation of the presence of true leuxenia.

2. Both with the original mice and with the transfers there
wag obtained only & myeloid leukemia--hemocytoblastic, mye.oblastic,
and myelocytic types being observed. The last was met the most fre-

quently.

3. Through the introduction of benzol extracts from organs of
patients who died of chronic leukemia, mice usually developed a my-
elocytaric type of leukemia; in the introduction of extracts from or-
gans of patients who died of ackte leukemia, hemocytoblasts were ;
alwvays found. ;

k. The fact of contraction of experimental leukemia through
the introduction of extracts not only from the organs of the patients
who died of chronic leukemia, but also from the orgsns of patients
vho died of acute leukemia, indicates the identical nature of these

processes.

5. In some of the mice there was observed the development of
malignant tumor--usually in the place of introducing the prepara-
tion, sometimes also at a distance from it.

%he received data showed that the introduction of one and the
same benzol extract can bring about leukemis, leukemia accowpanied
by tumor, and, finally, only tumor.
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6. Leukemia contracted through the introdiction of benzo. ex-
tracts of organs of patients who died of leukmmia, saud througn tne
introduction of chemicaily pure cancerozenous materia.s, is iden-
tical in all morphologice. structure.

T. The possibility of bringing about of tumors, to.et.er witl
leukemia, through the introduction of both chemically pure ceuncero-
genous materiais and of benzol extracts from the organs of ,atie:.ts
who died of leukemia, points to the pathologenetic c.ioseness of
these diseases.
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Microphotographs to the article of M P Khokhlova

1. Liver. Leukemia. Intensive iatracapillary Y loodformation.

2. Spleen. Myelosis of the pulp.

3.:.ﬁarrow of-the—bip. i Myelosis with predominance of myelo-
cytes and the presence of segmented deukoeytes.

4. Polymorphomsecellular sarcome.
p—
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